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Well differentiated papillary mesothelial tumor: a new name

and new problems
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Well-differentiated papillary mesothelial tumor (WDPMT, formerly called well-differentiated papillary mesothelioma) is a
morphologically distinctive lesion composed of expansile papillae with a myxoid core covered by a single layer of generally bland
mesothelial cells. Whether some WDPMT are precursors of invasive mesothelioma is uncertain, and this question is confounded by
shallow biopsies of ordinary diffuse mesotheliomas that have superficial areas resembling WDPMT as well as by misinterpretation of
some cases of mesothelioma in situ. Genetic analyses on a very small number of published cases of peritoneal WDPMT have shown
a variety of mutations/copy number losses that do not overlap at all with those that are found recurrently in invasive
mesotheliomas. The newly described entity of mesothelioma in situ usually appears as a single layer of mesothelial cells that have
lost BAP1 by immunostaining, but sometimes is papillary and produces a morphologic mimic of WDPMT. We propose that, at least
in the peritoneal cavity where most WDPMT occur, there are two morphologically identical but functionally distinct lesions: one is
true WDPMT, a process that is probably benign, and the other is papillary mesothelioma in situ with the configuration of WDPMT.
For that reason immunostaining for BAP1, and if necessary MTAP or CDKN2A FISH, should always be performed on cases with the
appearance of WDPMT. It is possible, but speculative, that the small number of reports in the literature which describe invasive
mesothelioma arising from WDMPT are actually describing invasive mesothelioma arising from mesothelioma in situ that looks

like WDPMT.
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Well-differentiated papillary mesothelial tumor (WDPMT), formerly
known as well-differentiated papillary mesothelioma, is a histolo-
gically distinctive mesothelial tumor of uncertain malignant
potential found in the pleura, peritoneum, and tunica vaginalis.
Both the latest Thoracic Tumors and Female Genital Tumors WHO
books"? recommend using WDPMT rather than well-differentiated
papillary mesothelioma as a diagnostic term because surgeons and
oncologists frequently view the “mesothelioma” part of “well-
differentiated papillary mesothelioma” as an indication that these
are overtly malignant neoplasms that should be treated in the
same fashion as ordinary invasive diffuse mesotheliomas (MM) (for
example, ref. ). However, changing the nomenclature only partially
addresses the clinical problem, because morphologic overlaps with
invasive mesotheliomas, the significance of an invasive component
in WDPMT, genetic separation from invasive mesotheliomas, the
relationship of WDPMT to the newly described entity of
mesothelioma in situ, and, most important, how WDPMT behave
remain unresolved questions. This article will briefly highlight these
issues and recommend some approaches for pathologists.

CLINICAL AND GROSS PATHOLOGIC FINDINGS

The largest individual WDPMT series comes from Sun et al.* who
published 75 cases of their own and found a total of 180 cases in
the literature as of 2019; of these 135 were peritoneal, 37 pleural, 6

in the tunica vaginalis, and 2 in hernia sacs. In the same year Vogin
et al reported another 56 peritoneal cases (without pathologic
details), although 9 of these were described as having “fatty
infiltration” raising a suspicion that they represent misdiagnosed
ordinary invasive MM. In the summary prepared by Sun et al,
peritoneal cases in women outnumbered those in men by 6:1,
whereas pleural cases showed a roughly equal female:male
distribution.

Clinically, pleural cases generally are symptomatic and are
associated with a pleural effusion®S; at thoracoscopy there
typically are multiple small nodules over the affected pleura. In
contrast, in the peritoneal cavity WDPMT is usually found
incidentally during surgery for another process. Only a very small
fraction of patients present with abdominal pain or ascites and are
found to have WDPMT as the cause. Such patients sometimes
have bowel wall or mesenteric thickening on imaging®. In a
minority of cases peritoneal WDPMT are associated with multi-
cystic mesotheliomas, adenomatoid tumors, and endometriosis.
On direct examination, peritoneal cases may have single nodules,
a few nodules, or occasionally innumerable nodules.

MICROSCOPIC FINDINGS
WDPMT is typically composed of papillae with expansile myxoid
cores covered by a single layer of generally bland, flattened to
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Fig. 1

Well differentiated papillary mesothelial tumor. A, B Low and high power views of a typical well differentiated papillary mesothelial

tumor. This example was an incidental finding during surgery in the peritoneal cavity. Note the expansile myxoid papillae and the single layer

of covering mesothelial cells. C BAP1 stain does not show loss.

cuboidal mesothelial cells (Fig. 1). Sometimes the expansile
papillary stroma of WDPMT is fibrotic/hyalinized, presumably a
finding in old lesions®. WDPMT stain with traditional mesothelial
markers such as calretinin, WT-1, cytokeratin 5/6, and D2-40, and
should be negative with traditional carcinoma markers. An
important pitfall to note is that PAX-8, a marker frequently
positive in ovarian and other gynecologic tumors, is frequently
positive in WDPMT, typically in peritoneal but occasionally in
pleural lesions. PAX-8 positivity was observed in 94% of WDPMT in
the series of Sun et al.* and 61% of WDPMT in the series of Xing
et al.”). These numbers suggest that PAX-8 positivity in WDPMT is
more frequent than in MM?, although in our experience PAX-8
staining of both WDPMT and peritoneal mesotheliomas is
dependent on antibody clone and antibody type (polyclonal
stains more frequently than monoclonal).

Another marker that has sometimes been proposed as positive
in WDPMT but negative in mesotheliomas is L1CAM (CD171)%.
However, Inaguma et al.? reported positive L1CAM staining in 70%
of mesotheliomas and Itami et al.'® in 53% of mesotheliomas, so
L1CAM probably has little diagnostic value in this setting.

SPRINGER NATURE

While the appearance of WDPMT is characteristic, there are
nonetheless three important microscopic confounders. One is a
superficial sample of an ordinary invasive diffuse mesothelioma;
MM sometimes have papillary areas near free surfaces and such
areas can closely mimic WDPMT>® (Fig. 2). Cytologic detail can be
helpful: prominent nucleoli and, particularly, cytologic pleomorph-
ism should raise a suspicion of invasive mesothelioma rather than
WDPMT, although prominent nucleoli can, rarely, be seen in
tumors that are (apparently) WDPMT. The operator’s description or
CT scan reports may be informative if there is unequivocal
evidence of malignancy.

A second confounder is ovarian type serous tumors, including
ovarian serous surface papillomas, serous borderline tumors, and,
occasionally, low grade serous carcinomas, the vast majority in the
peritoneum cavity but rarely intratesticular/paratesticular’' "2, All
of these lesions can have a papillary structure that mimics
WDPMT, but typically have columnar cells with considerable
cytologic atypia in the borderline and low grade serous
carcinomas. Most important, they stain strongly with broad
spectrum carcinoma markers such as MOC-31, claudin-4, and
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Fig. 2 Diffuse mesothelioma with superficial areas mimicking well differentiated papillary mesothelial tumor. A, B Two different areas of
an ordinary invasive diffuse mesothelioma in which there are superficial expansile papillae with myxoid cores. A shallow biopsy might sample
only the papillary area, leading to a misdiagnosis of well differentiated papillary mesothelial tumor. Review of the operator’s report can be
very helpful in this situation if the description is that of a diffuse serosal malignancy.

BerEP4. They are usually calretinin negative but WT-1 and PAX-8
positive.

The third, and crucial, confounder is mesothelioma in situ,
which can take on the microscopic appearance of WDPMT (see
section 5 below)

SIGNIFICANCE OF INVASIVE FOCI IN WDPMT

In most WDPMT the proliferating mesothelial cells are confined to
the surface of the papillae, but occasional tumors demonstrate
invasion of mesothelial cells into the fibrovascular stalks that
support the papillae or sometimes below the level of the stalks
(Fig. 3). These lesions are different from the type of ordinary
mesothelioma in which there is surface formation of structures
that mimic WDPMT (such as Fig. 2), because WDPMT with invasive
foci have the overall structure of WDPMT, not diffuse
mesothelioma.

Churg et al.”® described 20 WDPMT with invasion confined to
the stalks which they labeled “well differentiated papillary
mesothelioma with invasive foci.” In that series tumors with
invasive foci were associated with a distinct tendency toward
multifocality and recurrence, the latter seen in eight patients. No
patient developed metastatic disease, and only one patient was
reported to have died of disease, but no histologic confirmation of
the type of tumor present at death was available.

Trpkov et al. reported' a case of tunica vaginalis WDPMT that
by illustration had invasive foci, and the patient was well without
recurrence 6 years later. Butnor et al.° found superficial invasion in
two pleural cases; one did not have followup and one had
persisting disease at 1 year. In the peritoneal series reported by
Sun et al.%, six cases had invasion of mesothelial cells deep to the
stalk but none of these patients developed disseminated
mesothelioma. Malpica et al.'”> noted that 1 of 26 peritoneal
WDPMT showed shallow invasion into the underlying (ovarian)
tissue but that this was not an adverse prognostic finding.

Reported cases in which clearly documented and unequivocal
diffuse invasive mesotheliomas arose in a WDPMT are few. Torii
et al.'® reported a case of multifocal pleural WDPMT that was
treated with extrapleural pneumonectomy; deep invasive disease
was seen in the resection specimen. Of interest, this patient had a
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pleural effusion and the illustrated cytologic appearance of the
effusion was that of a mesothelioma, suggesting that the WDPMT
was really mesothelioma in situ because mesothelioma in situ has
been reported to produce a picture identical to invasive
mesothelioma in effusion samples'”'€.

Shimizu et al.'® described a patient with an incidentally
discovered WDPMT lesion in a lung cancer resection specimen;
there was invasion of mesothelial cells from the WDPMT into the
underlying stroma and the invasive process morphologically
looked like a mesothelioma. Costanzo et al.?° illustrated a case
that morphologically started as pleural WDPMT and ended as
metastatic mesothelioma 13 years later. Burrig et al.?' described a
similarly well illustrated case in which mesothelioma developed 5
years after diagnosis of a peritoneal WDPMT. Galateau-Salle et al.’
reported two patients with pleural WDPMT and no evidence of
invasion at biopsy, in whom invasive lethal mesothelioma was
diagnosed after 10 years. Sun et al.* show a nicely illustrated case
in which invasive mesothelioma developed 15 years after the
diagnosis of WDPMT. Washini et al.*? described a case in which
invasive mesothelioma developed 7 years after the diagnosis of
WDPMT; however, while the invasive tumor looks like a
mesothelioma, from their illustrations the original tumor is
suspicious for mesothelioma in situ rather than WDPMT.

GENETICS
There is very little in the literature on genomic analyses of
WDPMT, and all of this is confined to peritoneal tumors. Stevers
et al.?3 reported ten cases and found only mutually exclusive
CDC42 (two cases) or TRAF7 (eight cases) missense mutations.
Their TRAF7 mutations all localized at the C-terminus of the
protein. Of interest, to get adequate sequencing depth Stevers
et al. combined multiple separate WDPMT tumors in two
patients but still found only a single CDC42 or TRAF7 mutation
in each patient, which suggests that multifocal WDPMT
represents clonal spread. Nine cases did not have copy number
losses or gains.

In contrast, Shrestha et a analyzed 5 cases and found
recurrent missence mutations of EHD1, ATM, FBXO10, SH2D2A,
CDH5, MAGED1, and TP73, all present in either 4/5 or 5/5 cases. No

|.24

SPRINGER NATURE

1329



A. Churg and F. Galateau-Salle

1330

Fig. 3 A well differentiated papillary mesothelial tumor with invasion into the stalk. A The low power view shows a typical pattern of well
differentiated papillary mesothelial tumor, but (B) a focal region in another area of the stalk (not shown in A) demonstrates locally invasive
tumor (box). This lesion is from a hydrocoele; patient was treated with hemiscrotectomy and was alive and well without evidence of

recurrence 6 years later.

case had a mutation of either TRAF7 or CDC42, although one
showed copy number loss of TRAF7. The WDPMT was strongly
enriched for C>A transversion substitutions, a pattern that is not
seen in MM. There were a variety of copy number losses and gains
but no consistent pattern across the 5 tumors.

None of the WDPMT in either the Stevers or Shrestha paper had
abnormalities in genes found to be recurrently mutated or deleted
in MM such as BAP1, SETD2, NF2, LATS1/2, CDKN2A/B)*®, although it
should be noted that TRAF7 mutations have been described in a
few peritoneal mesotheliomas®*. Nemoto et al.° reported a lesion
claimed to be WDPMT in which loss of heterozygosity in NF2 was
present; however, their illustrations do not look at all like WDPMT
and probably represent an ordinary MM.

WDPMT AS A MANIFESTATION OF MESOTHELIOMA IN SITU
Mesothelioma in situ (MIS) was recently defined as single layer of
flattened to cuboidal mesothelial cells that had lost BAP1, and
sometimes MTAP, by immunochemical staining®’. A single case of
MIS with CDKN2A deletion but BAP1 retention has also been
described?®. However, the original description?” of ten cases of
MIS included one (pleural) case with both flat mesothelium and a
process morphologically very similar to WDPMT. We have
subsequently seen a number of cases of peritoneal MIS that have
both flat single-layered mesothelium and areas identical to
WDPMT (Fig. 4).

Other authors have described “WDPMT” with BAP1 loss. Lee
et al.? stained eight peritoneal cases that microscopically looked
like WDPMT. BAP1 was lost in three and these three had
synchronous (but spatially separated) or metachronous invasive
mesothelioma; genetic analysis showed an identical pattern
between the WDPMT and the invasive tumor in each case. We
believe that these cases really are examples of MIS that
morphologically look like WDPMT.

Dacic et al.>° performed whole-exome sequencing on two cases
of MIS which immunohistochemically showed BAP1 loss; in both
cases, the analyzed areas were partially flat and partially papillary,
with the latter areas having the appearance of WDPMT. The
pleural case had copy number loss and LOH in the 3p21 region
that harbors BAP1. The peritoneal tumor showed a somatic BAP1

SPRINGER NATURE

splice site mutation and BAPT copy number loss. No other somatic
mutations, indels, or somatic copy number abnormalities were
identified; in particular, none of the recurrent mutations or
recurrent copy number losses seen in ordinary MM were present.
Dacic et al. suggested that BAPT mutations/deletions may be the
earliest abnormality in invasive mesothelioma. Since BAPT loss/
mutation is always a marker of malignancy in mesothelial
proliferations®' these data strongly imply that some WDPMT, or
at least papillary processes that look like WDPMT, are precursors of
invasive mesothelioma, an idea that contradicts the (very limited)
published genomic analyses of WDPMT described above.

It appears likely that MIS always becomes invasive, although the
time from biopsy diagnosis of MIS to invasive disease is unclear
and can be quite long. In the series reported by Churg et al.?,
invasive disease developed in 7/10 patients with an 8th patient
showing diffuse pleural thickening on imaging thought suspicious
for an invasive mesothelioma at 57 months. For the seven cases
with eventual overt MM, the median time to invasion was
60 months with the longest time 92 months, but one patient still
had not developed invasive disease at 120 months. In the report
of Klebe et al."?, invasive tumor developed after 4 years 10 months.
Fels Elliott>? described a patient with invasive disease diagnosed
at 10 months after biopsy, and Minami et al.*® a patient in whom
no invasive disease could be detected at 9 months. The
metachronous case described by Lee et al.>* had a 10yr interval
between the diagnosis of WDPMT (really MIS) and the appearance
of invasive mesothelioma. In the multi-author position paper by
Klebe et al.3*, 40% of pathologists reported seeing cases with a
greater than 4 year interval between the diagnosis of MIS and the
appearance of invasive mesothelioma, although it is not entirely
clear whether all authors of that paper were using the same
definition of MIS. It should be noted that the papers reviewed in
this paragraph largely describe flat and not papillary lesions; in
fact, Klebe et al. position paper’® suggests that WDPMT
morphology is not a feature of MIS.

CONCLUSIONS: THE NATURE OF WDPMT
The data just described raise a contradictory question: is WDPMT a
generally innocuous finding, at least in the peritoneal cavity where

Modern Pathology (2022) 35:1327-1333
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Fig. 4 Mesothelioma in situ mimicking well differentiated papillary mesothelial tumor. Low and medium power views of mesothelioma
in situ mimicking a well differentiated papillary mesothelial tumor (A, B). Lesion is peritoneal. Stain for BAP1 (C) shows nuclear loss in both the
papillary areas and the flat mesothelium (arrow), indicating that the correct diagnosis is mesothelioma in situ.

most such tumors occur, or it is a form of mesothelioma in situ
and a precursor of invasive mesothelioma? The WHO Female
Genital Tumors book' proposes that WDPMT in the peritoneum are
benign and that aggressive behavior is indicative of a missed
diagnosis of MM, whereas the Thoracic Tumors WHO book?
concludes that most pleural WDPMT behave as slowly growing
recurrent lesions. A major confounder is that, in many instances,
tumors that are called recurrent or (eventually) clinically malignant
are not biopsied so whether they are MM is usually not
documented.

Detailed followup on the largest series suggests that, in
the peritoneal cavity, the vast majority of tumors that look like
WDPMT do appear to be functionally benign, even if multifocal. In
the pleural cavity the prognosis is more guarded*, although as
detailed above, it is hard to find many published examples of
invasive mesothelioma developing from WDPMT lesions in
either site.

Genomic analyses, albeit based on few and only peritoneal
cases, imply that WDPMT are distinct neoplasms that have no
relationship to ordinary diffuse mesotheliomas. However, this idea

4,15,34
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is contradicted by the observation of BAP1 loss by immunochem-
istry and BAPT mutations/deletions in cases of mesothelioma
in situ that are morphologically identical to WDPMT?2°3° and by
the occasional case in which tumors that morphologically appear
to be MM have been documented to arise in WDPMT, as
described above.

We propose that, in fact, there are two different lesions that can
look microscopically like WDPMT: true (probably benign, at least in
the peritoneal cavity) WDPMT, and WDPMT-like mesothelioma
in situ, but it's not possible to separate these entities on routine
morphology. The relative frequency of these two different lesions
is unclear and the number of reported cases is too small to draw
definite conclusions. As noted, Lee et al.?® found 3/8 cases with
WDPMT morphology that had BAP1 loss by immunochemistry,
whereas 3 other reports**—’ totaling 18 cases did not find BAP1
loss, although in one series® the comment was made that BAP1
retention was often patchy in WDPMT; this phenomenon can
occasionally be seen in mesothelioma in situ (Churg A, Galateau-
Salle, unpublished data) and probably represents spread of a
malignant clone.

SPRINGER NATURE
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What is not known at this point is what fraction of WDPMT
actually represent MIS, nor is it known what fraction of MIS look
like WDPMT. The authors of this article have seen around 30
examples of the latter, but because these are consultation cases,
there is extreme selection bias and one can't use these numbers
to estimate the real frequency of MIS that looks like WDPMT.
However, it is possible that such lesions are more common than
anyone realizes because the frequently long lead time for MIS to
develop into invasive mesothelioma exceeds the followup time for
some fraction of reported patients. For example, in the report of
Malpica et al.'>, there was only 1 recurrence (incidentally
discovered) in a series of 25 peritoneal WDPMT, but the median
followup time was 32 months. In the series of Sun et al.® the
median followup time for 46 patients was 29 months and the one
apparent transformation of WDPMT into invasive mesothelioma
took 15 vyears. In the 22 patients described by Daya and
McCaughey?®*, one patient died at 7 years with what appears to
be diffuse peritoneal tumor by description. A number of other
individual cases with very long times between the diagnosis of
WDPMT and invasive mesothelioma have been listed above in
“Significance of invasive foci in WDPMT". It is conceivable that, in
fact, all of the cases reported as WDPMT that eventually “turned
into” or recurred as invasive mesothelioma are really examples of
mesothelioma in situ mimicking WDPMT. At the moment this idea
is speculative but is potentially testable using archival material.

CONCLUSIONS: RECOMMENDATIONS FOR DIAGNOSIS

Given this situation, we suggest that at a minimum, a BAP1
immunostain should be performed on any lesion that looks like
WDPMT; if BAP1 is retained, then MTAP immunohistochemistry or
CDKN2A FISH should be the next step. It should also be
remembered that the combination of BAP1/MTAP/CDKN2A
investigation will not detect all invasive mesotheliomas®® and
the same conclusion presumably applies to mesothelioma in situ,
particularly since the sensitivity of CDKN2A FISH (and by
implication MTAP immunochemistry) is known to be fairly low in
the peritoneal cavity®®. A potentially helpful finding is that all the
MIS cases we have seen that look like WDPMT also have flat
mesothelioma in situ which usually looks like a single layer of
bland cuboidal mesothelial cells (see Fig. 4C); however, benign
reactions can also look like a single layer of bland cuboidal
mesothelial cells, so appropriate immunohistochemical or FISH
detection is still required.

This approach may appear to be overkill, but even if MIS
constitutes only a few percent of lesions that look like WDPMT,
MIS probably requires aggressive therapy before it becomes
invasive. On the other hand, truly benign WDPMT probably
requires no therapy at all beyond just local excision, and in fact,
radical therapy for such tumors is often associated with adverse
outcomes®. What we suggest, when dealing with a lesion that
looks like WDPMT and has retained BAP1 and retained MTAP or no
CDKN2A deletion, is that the case be signed out as WDPMT.
However, a comment should be added that in all likelihood the
lesion is benign and requires no further therapy, but followup is
warranted because there is a small risk that such lesions still could
represent MIS.

The significance of stalk invasion that originates in a WDPMT
remains unclear and is not necessarily an adverse finding, but in
such cases BAP1/MTAP/CDKNZ2A FISH analysis is crucial. Even if this
analysis is negative, a statement that patients with WDPMT with
invasion should be carefully followed would probably be
appropriate in a surgical pathology report.

DATA AVAILABILITY

There are no data beyond those described in the manuscript.
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